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Aims: Sleep problems in Australian children are common and consequential but have not been investigated in Australian Aboriginal or Torres
Strait Islander (indigenous) children. This study compares sleep in indigenous and non-indigenous children and investigates potential effects on
school performance and daytime behaviour.
Methods: Subjects included 25 indigenous and 25 non-indigenous children (mean standard deviation (SD) age = 8.8 (1.4 years), range
7–11.11 years), in six Northern Territory primary schools. Parents completed the Sleep Disorders Scale for Children which produces a T-score
(mean = 50 (SD = 10)) for behavioural sleep disorders, sleep disordered breathing, parasomnias, excessive daytime sleepiness and night
sweating. Behaviour and school grades were assessed with the parent-reported Child Behaviour Checklist.
Results: Behavioural sleep problems of initiating and maintaining sleep, or parasomnias were commonly reported by both groups (24–40%),
with indigenous children under 9 years reporting the most problems. No between-group differences were found in school performance.
Significant relationships between sleep quality and behaviours were found, particularly for indigenous children.
Conclusions: These data suggest that substantial numbers of Australian children – more than one third in this pilot sample – may suffer from
significant sleep problems. To the extent that sleep problems may impair prefrontal cortical function, emotional regulation, and control of
behaviour, confirmation of current findings could have particular import for indigenous children.
Key words: Aboriginal or Torres Strait Islander; children’s development; indigenous; problematic behaviour; school performance; sleep
problems.
International prevalence estimates of sleep problems that
reduce sleep duration in children range from 10% to 45%.1–3 In
Australia, these estimates are approximately 16% for sleep
breathing disorders (SDB) such as snoring and sleep apnoea4,
and 35% for non-respiratory sleep disorders such as behav-
ioural sleep problems, difficulties with sleep onset and mainte-
nance, night waking and parasominias (comprising of problems
with arousal and problems with sleep wake transition).5
However, these estimates are made principally in populations
of non-indigenous children. Only two studies to date have pub-
lished data on sleep in indigenous children. Valery et al.6
reported a prevalence of SDB in indigenous children from the
Torres Strait and the Northern Peninsula Area of 14.2 % with
6% reporting ‘restless sleep’, while Poulos et al.7 reported sleep
problems in children secondary to asthma. Much remains to be
learned about the sleeping patterns of indigenous children.
The importance of understanding sleep patterns in these chil-
dren stems in part from evidence that inadequate sleep can
impair childhood behaviour and cognition. A strong relation-
ship exists between neurocognitive deficits, emotional lability,
problematic behaviours and decreased school performance in
both clinical8–12 and non-clinical studies.3,5,13,14 These data have
emerged from children with both respiratory8,11,15,16 and non-
respiratory sleep disorders,5,17–19 and children subjected to sleep
restriction.20 Sleep loss more generally has been associated with
stress, increased locomotive activity, alterations in hormonal
activity and body temperature, and changes in cytokines and
tumour necrosis factor.21 Children with reduced sleep duration
are more likely than other children to be overweight or
obese,22,23 and to have changes in appetite regulation and
insulin and glucose utilisation, both associated with metabolic
syndrome.24
Despite the significant impact of sleep problems on children’s
development, investigation of the frequency of reported sleep
problems in Australian indigenous children has been scant. Fur-
thermore, assessment of any possible detrimental effects of poor
sleep on school performance and behaviour in these children
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has not been undertaken. Given that indigenous Australian
children show poorer academic performance than their non-
indigenous Australian counterparts,25 the potential role of sleep
merits investigation.
We therefore present preliminary frequency estimates of sleep
problems reported in Australian indigenous children compared
with their non-indigenous peers, and investigate relationships
between sleep and performance.
Methods
Subjects
All schools listed in metropolitan Darwin, Northern Territory
(NT) and Palmerston (an urban area 1 h from Darwin) were
invited to participate between February and April 2005 (NT wet
and beginning of the dry season). Representatives from eight
schools accepted invitations to information sessions, two with-
drawing before study commencement. A total of 135 question-
naires were returned from 442 distributed, giving a return rate
of 30.6%. From this sample, 25 indigenous Aboriginal or Torres
Strait Islander (indigenous) children of mean age (standard
deviation (SD)) = 8.9 (1.4), range 7–11 years were matched as
closely as possible to 25 non-Aboriginal or Torres Strait Islander
(non-indigenous) children of mean age = 9.0 (1.5), range
7–12 years, who also had the most complete data sets. Children
were matched for age, gender, postcode and parental education
(based on Australian Bureau of Statistics categories – 1 =
primary school completion; 2 = did not complete high school; 3
= completed year 12; 4 = TAFE/trades; 5 = tertiary). There were
no statistical differences between groups (despite a tendency
for paternal education, P = 0.06) in these matched variables.
Subject characteristics are presented in Table 1.
Sleep
Sleep was assessed with the Sleep Disturbance Scale for Chil-
dren (SDSC).26 This well-validated instrument has been used in
numerous previous studies of sleep in children around the
world.19,26–28 Parents are instructed to consider their child’s sleep
during the previous 6 months when the child has been well.
The SDSC then provides six sleep problems factors grouped
from 26 items:




• arousal disorders, for example, nightmares and night
terrors
• sleep–wake transition disorders, for example, sleep
walking, sleep talking and bruxism
4 Excessive daytime somnolence
5 Sleep hyperhydrosis – night sweating
6 Total sleep problem score (sum of all individual sleep
problem scores)
All sleep factor scores were transformed into age-specific
T-scores with a mean (SD) of 50 (10). The T–scores for all ages
in this sample were based on standardised norms for ages 6.5–
15.3 years.26 Sleep problems were identified in this study by
T-scores one SD above the mean (i.e. >60).
Behaviour and school performance
Behaviour was assessed using the parental report version of the
Child Behaviour Checklist (CBCL).29 Based on responses to 20
competency items and 118 problematic items, the CBCL mea-
sures several subscales of behaviour and performance. For
this study, we extrapolated school performance and behaviour.
School performance was measured with three questions.
Parents were asked whether their child was receiving remedial
teaching or learning assistance (yes = 1, no = 0), whether they
had ever repeated a grade (yes = 1, no = 0) and whether they
had any other academic problems at school (yes = 1, no = 0).
Parents’ ratings of their child’s performance in specific school
subjects (failing = 0, below average = 1, average = 2 or above
Table 1 Sample characteristics
Variable Whole sample Indigenous (n = 25) Non-indigenous (n = 25) P value
Mean (SD) age (years, months) 8.9 (1.7) 8.9 (1.4) 9.0 (1.5) ns
Range 7.01–11.11 years 7.01–11.06 years 7.01–12.00 years
Age distribution (n)
7–7.11 months 8 3 5
8–8.11 months 18 11 7
9–9.11 months 7 3 4
10–10.11 months 4 2 2
11–11.11 months 13 6 7
Males 27 14 13 ns
Females 23 11 12 ns
Mean (SD)
Mother’s education† (n = 40)
2.9 (1.3) 3.00 (1.3) 2.9 (1.3) ns
Mean (SD)
Father’s education† (n = 34)
3.3 (1.0) 2.5 (0.5) 3.5 (1.0) 0.06
†Education rated 1 = primary school completion; 2 = did not complete high school; 3 = completed year 12; 4 = TAFE/trades; 5 = tertiary. SD, standard
deviation.
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average = 3) were averaged. Scores were summed and trans-
ferred to T-scores according to Achenbach.29 Low scores indicate
better academic performance.
Parents reported on three types of behaviour: internalised
behaviour (including withdrawn behaviour, somatic complaints
and anxious/depressed), externalised behaviour (including rule
breaking behaviour and aggression), and a total problem behav-
iour (including social problems, thought problems such as ‘hears
things’, ‘strange ideas’ and attention problems). The CBCL
includes a measure of frequency (0 = not true, 1 = somewhat
true, 2 = very true) that aids in establishing the clinical signifi-
cance of a certain behaviour and can be compared with a large
normative sample to identify the presence of pathological
behaviours.29 Behaviour scores were transformed into T-scores
with a mean (SD) = 50 (10). High scores indicate more prob-
lematic behaviour.
Statistical analyses
All data presented are cross-sectional. Demographic differences
were explored with c2 and age differences in sleep problems
between indigenous and non-indigenous children were
explored with t-tests. Similarly, between-group differences in
sleep, behaviour and academic performance were conducted
with unpaired t-tests using sleep problems as the dependent
variables and school performance and behaviour as inde-
pendent variables. Relationships between variables were
investigated with Pearson correlations (r-z transformations).
Significance was set at <0.05 given the exploratory nature of
the study. The study was approved by the University of South
Australia Human Ethics Committee and Northern Territory
Department of Education. Indigenous parents were assisted in




The most frequent sleep issue (T-score > 60) for the whole
sample was behavioural sleep problems, reported by 36% of
parents, followed by sleep wake transition problems in (24%).
Behavioural sleep problems were reported in 32% of indig-
enous children followed by problems with sleep wake transition
(20%) and excessive daytime sleepiness (20%). Similarly,
behavioural sleep problems were the most reported sleep prob-
lems for non-indigenous children followed by sleep wake tran-
sition and excessive daytime sleepiness (40%, 28% and 16%,
respectively) (See Table 2). Between-group mean comparisons
showed only one sleep problem differed between groups, with
excessive daytime sleepiness significantly higher in non-
indigenous children (P = 0.03). Results revealed a considerable
amount of variation in scores, as shown by high SDs. Total sleep
time and level of ‘refreshment’ on awakening, as reported in the
sleep diaries, did not reveal differences between groups. Results
are summarised in Table 3.
Age and gender distribution of sleep problems
t-Tests were conducted to ascertain if the most reported sleep
problems were specific to age groups, both for the whole
sample, and separately for indigenous and non-indigenous
children. Because of the uneven sample size of each age group
that restricted comparisons between age groupings (e.g. 7–8-
year-olds, 8–9-year-olds etc.) (see Table 1), participants were
grouped as either <9 years of age (n = 26) or 9 years of age
(n = 24). For the whole sample, although sleep problems were
most common in children <9 years of age, none reached sig-
nificance. There was a tendency for increased sleep wake tran-
sition problems in children <9 (P = 0.08). When separated,
indigenous children <9 years reported significantly increased
sleep wake transition (P = 0.03), and total sleep problems (P =
0.04) and a tendency for increased excessive daytime sleepi-
ness (P = 0.07). For the non-indigenous children, no significant
differences were found.
No significant sex differences emerged in reported symptoms
of sleep disorders, in the total sample or between groups (c2 all
P > 0.05), although a trend was noted for increased reports of
behavioural sleep problems within non-indigenous females
(c2 = 3.2, P = 0.06).
Behaviour and school performance
Only three behaviour T-scores were significantly different
between groups. Indigenous children displayed more externa-
lised behaviour in general (t = 2.1, P = 0.03), specifically more
aggression (t = 3.0, P = 0.004) and also more withdrawn behav-
iours (t = 2.0, P = 004). Trends emerged for thought problems
Table 2 Percentage of total sample (n) with T scores > 60
Sleep problem Total sample (n) Indigenous (%) Non-indigenous (%)
Behavioural sleep problems 36 (18) 32 (8) 40 (10)
Sleep-disordered breathing problems 10 (5) 12 (3) 8 (2)
Arousal problems 12 (6) 12 (3) 12 (3)
Sleep wake transition problems 24 (12) 20 (5) 28 (7)
Excessive daytime sleepiness 18 (9) 20 (5) 16 (4)
Hyperhydrosis 4 (2) 4 (1) 4 (1)
Total combined sleep problems 35.4 (17) 32 (8) 39 (9)
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(t = 1.8, P = 0.07) and internalised behaviours (t = 1.9, P = 0.06).
Total sleep problems were also significantly different (t = 2.0,
P = 0.04). No significant between-group differences were found
in school performance, as reported by parents (P > 0.05).
Relationships between sleep variables and behaviour were
investigated with Pearson correlations and r-z transformations
but were restricted to behaviours that showed significant
between-group differences. For the whole sample, arousal prob-
lems were positively correlated with externalised behaviours
(r = 0.32, P = 0.02), specifically aggression (r = 0.37, P = 0.009),
withdrawn behaviour (r = 0.31, P = 0.02) and total behaviours
(r = 0.43, P = 0.001). Total sleep problems correlated positively
with total behaviour problems (r = 0.31, P = 0.01).
These relationships were explored separately for indigenous
and non-indigenous children. Results are presented in Table 4.
Among indigenous children, several moderate positive associa-
tions were found between withdrawn behaviour and total
behaviours with sleep problems (total sleep problems, arousal
problems, excessive daytime sleepiness and hyperhydrosis).
Among non-indigenous children, sleep wake transition prob-
lems were related to aggression and total sleep problems. In
summary, associations observed in the entire sample (n = 50)
between behaviour problems and sleep problems emerged in
large part from the indigenous children.
Discussion
This preliminary study is the first to examine the frequency of
sleep problems in Australian indigenous children and compare
them with a group of non-indigenous matched controls. While
the findings are preliminary, they suggest that sleep problems,
and particularly behavioural sleep problems of initiating and
maintaining sleep, parasomnias and excessive daytime sleepi-
ness, are common in both groups of children with up to 30%
of this sample reporting these symptoms more than 3–5 times
per week. Sleep problems were most common in children
under 9 years of age, particularly in indigenous children. Non-
indigenous parents reported more sleep problems but with
excessive daytime sleepiness the only one to reach signifi-
cance. School performance was not significantly different
between groups but parents of indigenous children reported
higher, withdrawn, externalised and total behaviour problems
compared with non-indigenous children. In fact, the associa-
tions between total behaviour problems and sleep disturbance
were stronger for indigenous children than non-indigenous
children. If these findings can be confirmed, efforts in the
future to address sleep problems in these children could
possibly benefit not only sleep health but also daytime
behaviour.
Table 3 Mean (SD) and between group differences (ANOVA)
Variable Means (SD) P value
Indigenous Non-indigenous
Sleep Disorders Scale for Children n = 25 n = 25
Behavioural sleep problems 56.6 (14.9) 61.3 (13.4) ns
Sleep disordered breathing problems 48.8 (12.4) 50.7 (9.2) ns
Arousal problems 57.1 (18.4) 53.7 (10.5) ns
Sleep–wake transition problems 56.7 (17.5) 57.2 (14.0) ns
Excessive daytime sleepiness 51.5 (10.9) 59.4 (13.8) 0.03
Hyperhydrosis 45.3 (6.3) 47.4 (4.8) ns
Total combined sleep problems 56.4 (15.2) 60.2 (13.3) ns
Sleep diary n = 21† n = 22†
TST sleep diary – h, min, (SD – h, min) 10.10 (0.45) 10.09 (1.09) ns
Sleep refreshment‡ 1.50 (0.26) 1.37 (0.46) ns
Child Behaviour Checklist n = 24† n = 23†
School performance T-score§ 42.7 (7.6) 44.6 (8.2) ns
Anxiety¶ 56.5 (7.2) 49.1 (16.2) ns
Withdrawn¶ 58.2 (7.2) 54.4 (5.2) 0.04
Somatic behaviours¶ 59.4 (7.4) 57.3 (10.0) ns
Social behaviours¶ 58.6 (7.0) 55.4 (6.8) ns
Thought behaviours¶ 58.2 (8.5) 54.4 (5.1) 0.07
Attention¶ 57.7 (7.7) 55.3 (5.7) ns
Rule breaking¶ 57.2 (7.5) 55.1 (6.5) ns
Aggression¶ 58.8 (8.4) 52.6 (4.8) 0.004
Internalised behaviour¶ 57.8 (9.1) 52.2 (10.9) 0.06
Externalised behaviour¶ 57.1 (10.1) 51.3 (7.8) 0.03
Total behaviour problems¶ 57.0 (9.5) 51.3 (9.3) 0.04
†Data not available for some subjects. ‡Scale where 1 = very refreshed – 5 = not refreshed at all. §Normal range = T-score 40–55. ¶Normal range = T-score
< 60. ANOVA, analysis of variance; ns, not significant; SD, standard deviation; TST, total sleep time.
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The frequency estimates for these NT metropolitan school
children were similar to those reported elsewhere in Australian
and international samples.5,30–33 Interestingly, all these children
reported sufficient sleep quantity (10–12 h per night) although
parent-reported sleep quality was compromised in many cases.
Findings also increase the awareness of the specific type of
sleep problems that are reported by children of different ages
and for the first time in indigenous children. Indigenous chil-
dren reported significantly worse sleep problems in the younger
age groups (specifically sleep–wake transition) compared with
non-indigenous children, whose sleep problems appeared to
be consistent across age groups. Many previous studies have
reported an overrepresentation of sleep problems in younger
age groups14,34,35 and these data in indigenous children are con-
sistent with previous findings. Similarly, these data concur with
previous reports suggesting no significant gender differences in
sleep problems between males and females.5,36–38 Only two pub-
lished studies have previously reported sleep problems in Aus-
tralian indigenous children. In a study primarily of respiratory
sleep disorders and asthma, using face-to-face semi-structured
interviewing in indigenous communities, Valery et al.6 found
6% of 1650 children (aged 0–17 years) reported ‘restless sleep’.
Similarly Poulos et al.,7 report that more than one-third of both
remote and urban indigenous children (aged 0–5 years) were
reported with sleep disturbance as a result of asthma. The
current study now serves to expand investigation in these chil-
dren to include non-respiratory sleep problems and their poten-
tial consequences.
It is of interest that in this study, no relationship was found
between sleep and school performance. Several previous studies
in non-indigenous children have shown significant relation-
ships13,14,39,40 between these two factors. No studies in Australia
have investigated this relationship in indigenous children
although elsewhere race (African–American) and sleep disor-
ders have shown positive relationships.41 NT Government
reports have made reference to ‘poor sleep’ as a contributing
factor in poor outcomes in literacy and numeracy when com-
paring indigenous academic performance with national bench-
marks25 but to date no data have been published to either
support or refute these concerns. Whether there is no relation-
ship in this sample or whether a relationship was not detected
because of insufficient numbers or parental report bias is
unclear. Larger Australian studies utilising more objective mea-
sures of sleep and school performance are needed to clarify this
issue.
One main finding of this study is the association between
sleep problems and behaviour. It is of note that symptoms of
sleep-disordered breathing, long found to be associated with
problematic behaviour and decreased academic performance
in children,42–44 neither differ between groups nor was related
to behaviour or school performance. Instead, it was the non-
respiratory sleep disorders that were of importance. Non-
respiratory sleep disorders such as restless legs syndrome,17,42
behavioural sleep disorders5,18 and parasomnias13,33,43 have pre-
viously been related to problematic behaviour in several paedi-
atric studies. These preliminary results support evidence of a
relationship between non-respiratory sleep problems and prob-
lematic daytime behaviour. In this study, we also found a rela-
tionship between night sweating and daytime behaviour in
indigenous children. One previous Australian study has found a
relationship between night sweating and cognitive performance
in non-indigenous children that may have been related to SDB8
but the relationship between night sweating and behaviour in
this group still remains unclear.
These data suggest that the relationship between sleep and
behaviour may be stronger for indigenous children than for
non-indigenous children. Reasons for this may be multi-
factorial. It is possible that the results arose in part from parental
report bias and that parental characterisation that both behav-
iour and sleep are problematic is more likely in indigenous
families, although this must be speculative given the limited
parental report studies undertaken in this population. It may
be that indigenous children have more behavioural problems
than non-indigenous children per se, as suggested by the higher
behaviour scores for indigenous children. It has been noted that
indigenous children, because of disproportionate disadvantage44
are at higher risk of clinically significant emotional and behav-
ioural difficulties.45 It is possible that the behaviour problems
displayed in this sample of indigenous children has more to
do with their social disadvantage than their sleep, particularly
given that sleep patterns were similar between groups.
However, it is worth noting that parents often underreport sleep
Table 4 Correlation coefficients for significant sleep and behaviour variables

















Arousal problems ns ns ns ns ns ns 0.46* ns
Sleep wake transition
problems
ns 0.43* ns ns ns ns ns 0.48*
Excessive daytime
sleepiness
ns ns ns ns 0.39* ns ns ns
Hyperhydrosis ns ns ns ns 0.56*** ns 0.49* ns
Total sleep problems ns ns ns ns ns ns 0.41* ns
*P < 0.05; ***P < 0.005. One indigenous and two non-indigenous families did not complete the CBCL. CBCL, Child Behaviour Checklist; ns, not significant.
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problems46 and that if indigenous children have reduced paren-
tal supervision, as has been suggested in one study,44 reduced
monitoring of sleep is likely to be more common. If sleep prob-
lems are under-detected, then the strength of relationships
between sleep and behaviour may be underestimated. Finally, it
may be that either indigenous children are more susceptible to
the effects of poor sleep on daytime behaviour or alternatively,
that there is an unknown factor that affects behaviour in indig-
enous children. Additional studies in larger samples would
clarify these questions.
Some limitations of this pilot study deserve mention. Self
selection for the study, although unavoidable in a community-
based study, may have skewed results. Despite best efforts,
return rates were low, though similar to those obtained in
previous Australian community-based studies47,48 (42%; 36%
respectively). Return rates and sample size were primarily dic-
tated by operational constraints common in cross-sectional
studies and were reliant on non-research personnel for recruit-
ment. While retrospective power analyses suggested that this
study was moderately powered to detect differences between
groups (d = 0.63) in sleep and behaviour, a larger sample size
may have improved the robustness of the results. Data were
collected by self-report which introduces the risk of rater bias or
a recall bias. However, higher report biases in indigenous fami-
lies compared with non-indigenous children remains specula-
tive. In addition, there was an indication that paternal education
was higher in non-indigenous children but income data were
not collected so further assessment was not undertaken. Nor-
mative data for both the SDSC and the CBCL are not available
for indigenous children and this may have affected responses,
although use of indigenous teacher’s aides aimed to reduce this
confounder. Finally, this study focussed on symptoms of sleep
problems as defined by the SDSC, not on sleep disorders diag-
nosed by clinical interviews, examination or sleep studies.
Conclusion
Despite the said limitations, this is the first study to provide
preliminary frequencies of sleep problems in Australian indig-
enous children and compare them with better-known sleep
patterns in non-indigenous children. These results motivate
further study. It is apparent from these estimates that sleep
problems are common in these children with one child in three
reporting significant sleep problems. With evidence to suggest
that sleep problems are under-recognised and under-diagnosed
in children at the primary health care level,4,38 and increasing
numbers of studies indicating amelioration of daytime deficits
with treatment of sleep problems,15,49–52 it is time that the high
prevalence of paediatric sleep problems be acknowledged
because of their effects on children’s development. Any amelio-
ration of behavioural problems with improved sleep would be
welcome. In addition, as for many minority ethnic groups in
affluent countries, the health of indigenous Australian children
is poorer than their non-indigenous counterparts53 and sleep
health may be no exception. Despite an observable link between
sleep and daytime performance in non-indigenous populations,
we have little understanding of this relationship among indig-
enous children. Increased recognition and treatment of sleep
problems in indigenous children could translate into a substan-
tial public health impact.
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